Introduction
Concern has been expressed about the global rise in caesarean section, particularly in Latin America. [1] [2] [3] [4] [5] [6] Caesarean section rates in Asia are generally thought to be lower, though some countries have also experienced an unprecedented rise. 1, [7] [8] [9] Between 1990 and 2002, the rate among primiparous women living in cities in China rose from 18% to 39% 8 and close to two thirds of urban women now give birth by caesarean section. [10] [11] [12] Although the rate in rural China has risen more slowly, it is now thought to be above 25%. 9, 13, 14 Opinions differ on why the rate has risen so rapidly in China. The country has the highest rate for caesarean section without a specific indication in Asia, 7 far in excess of medical need. Both increased demand and increased supply have been proposed as drivers. On the demand side, women may request a caesarean section because they fear the consequences of vaginal delivery. 10, 12, [15] [16] [17] When having one child is the norm, rich and well educated women may prefer birth by caesarean section to vaginal delivery because they think it is safer and free from pain and anxiety. 12, [15] [16] [17] More evidence for this reasoning comes from the high proportion of indications for caesarean section categorized as "woman's request" or "due to social factors" in hospital records 10, 12, [15] [16] [17] and from the persistently higher rates observed among rich and well educated women. 8, 9, 14, 18 In contrast, others have emphasized health system factors, arguing that the rise in demand for caesarean section is largely stimulated by health-care providers and results from perverse financial incentives that encourage costly procedures. 8, 10, 13, 14, 19, 20 Total expenditure on caesarean section in China has certainly risen dramatically and the procedure has become an important source of revenue for hospitals and health-care providers. 10, 13, 14 The increased funding available through insurance schemes is also thought to have boosted demand. 10, 13, 14, 18 In particular, the New Cooperative Medical System, a health insurance scheme introduced in rural China in 2003, may have encouraged caesarean section delivery by increasing the revenue of health-care providers. 13, 14 Urban health insurance schemes have also been implicated, 10, 18 but evidence that health insurance has encouraged caesarean section in China is weak. 13 The aim of this study was to investigate the factors responsible for the increase in caesarean section in China between 1988 and 2008. Previous analyses reported on socioeconomic differences in the rate observed in urban 8 and rural 9 primiparous women between 1988 and 2003. However, no efforts have been made to document trends within women of a similar socioeconomic status or who have the same parity or to examine empirically the factors that explain the rate rise over time. We hypothesized that, if the caesarean section epidemic is fuelled by perverse financial incentives, then it should be possible to attribute a large part of the rise to the dramatic increase in wealth and access to health insurance experienced by Chinese families over recent decades. We used data from four national cross-sectional surveys to examine how much of the rise in the caesarean section rate is explained by the changes in household income and access to health insurance and education that occurred between 1988 and 2008. We also investigated whether the rate of the increase was greater among better-educated and wealthier women, those with health insurance and those who had a second or higher order birth. We analysed urban Objective To identify factors driving the rapid increase in caesarean section in China between 1988 and 2008. Methods Data from four national cross-sectional surveys (1993, 1998, 2003 and 2008) and modified Poisson regression were used to determine whether changes in household income, access to health insurance or women's education accounted for the rise in caesarean sections in urban and rural areas. Findings In 2008, 64.1% of urban women and 11.3% of women in the poorest rural region reported giving birth by caesarean section. A fast rise was occurring in all socioeconomic groups. Between 1993 and 2008, the risk of caesarean section had increased more than threefold in urban areas (relative risk, RR: 3.63; 95% confidence interval, CI: 2.61-5.04) and more than 15-fold in rural areas (RR: 15.46; 95% CI: 10.46-22.86). After adjustment for improvements in income, education and access to health insurance over the study period, the RR dropped minimally in urban areas (RR: 3.07; 95% CI: 2.32-4.07), which suggests that these factors do not explain the rise; in rural areas, the adjusted RR dropped to 7.18 (95% CI: 4.82-10.69), which shows that socioeconomic change is only partly responsible for the rise. Socioeconomic region of residence was a more important driver of the caesarean section rate than individual socioeconomic status. Conclusion The large variation in caesarean section rate by socioeconomic region -independent of individual income, health insurance or education -suggests that structural factors related to service supply have influenced the increasing rate more than a woman's ability to pay.
Research
and rural areas separately because of differences in socioeconomic factors and health insurance schemes.
Methods
We obtained data from four cross-sectional National Health Service Surveys conducted in China in 1993, 1998, 2003 and 2008 . Later surveys used the same sampling units as the 1993 survey, with some minor modifications over time. The 1993 survey had a four-stage, stratified, cluster, random sampling design. In the first stage, cities and counties were randomly selected from the five socioeconomic strata used by the Chinese Ministry of Health to divide the country into socioeconomic regions according to a range of social and economic indicators derived from the 1982 census. 21 Then, five districts or townships were sampled within each city or county, respectively. Two villages were sampled within each district or township and a random sample of households was selected from each village for each survey.
Interviews were carried out in all households by trained health workers using a structured questionnaire that collected information on the characteristics of pregnancies in the period before the survey. The recall period  was 6 years for the 1993 survey, 2 years  for the 1998 survey and 5 years for the   2003 and 2008 surveys. Data for 1994  and 1995 were missing. The 1993 and  1998 surveys recorded data on the last  pregnancy, while the 2003 and 2008 surveys recorded information on the last live birth. All surveys detailed where the birth had taken place, the number of antenatal visits and the mode of delivery. All multiple births ending in at least one live birth were included.
Our study analysed only a limited number of the comprehensive list of sociodemographic indicators included in the questionnaires because many were correlated with each other and because we wished to ensure consistency with previous analyses. 8, 9, 14 The variables selected were: the socioeconomic region of residence, household annual income, the woman's educational attainment, access to health insurance, maternal age and parity. Each socioeconomic region was categorized as either urban, which included large, medium and small cities, or as one of four rural regions: type I, II, III or IV, with type IV being the poorest. Each household's annual per capita income, defined as the gross household income divided by the number of individuals in the household, was adjusted in line with annual consumer price indices to correct for variations relative to 2008. Separate indices were used for urban and rural areas to take into account differences between these areas. Subsequently, inflation-adjusted annual incomes for the period 1988 to 2008 were divided into four quartiles for urban and rural areas separately. Absolute income ranges therefore varied between urban and rural areas. For example, the poorest quartile in rural areas had an annual per capita income of less than 915 Chinese yuan (equivalent to 127 United States dollars at the 2008 exchange rate) compared with less than 2666 yuan (US$ 371) per capita in urban areas. The richest quartile in rural areas, on the other hand, had an income of more than 2787 yuan (US$ 388) per capita compared with more than 7474 yuan (US$ 1040) per capita in urban areas. Health insurance included any social or private health insurance reported by the women.
Our analysis was restricted to live births and the outcome of interest was the percentage of births by caesarean section. To ensure that our findings were representative of the whole country, data were weighed against the probability that an individual would be included in the sample. We calculated the probability of being selected for the sample at the city or county level by dividing the size of sampled population by the total population in each city or county, respectively. The total population was calculated using data from the census closest to the date of the survey.
We used a modified Poisson regression approach, 22, 23 which made allowances for clustering at the city, county or village level and for stratification, to derive crude and adjusted relative risks (RRs) for caesarean section over time in urban and rural areas separately. Time was modelled as a categorical variable (i.e. the year of the survey). Crude comparisons by survey year were adjusted for per capita income, access to health insurance, the mother's educational attainment and parity. Variables were added individually to examine changes in the magnitude of the RR over time. The final models were adjusted for maternal age and the number of antenatal visits because these variables have previously been reported to be associated with caesarean section. 9 We also investigated whether the increase in the percentage of births by caesarean section was influenced by the mother's educational attainment, household income, health insurance or parity. 
Results
Data on the mode of delivery were available for 34 482 live births in China between 1988 and 2008. (Fig. 1) . Even in the least developed region, rural type IV, the rate rose from 0% in1988 to 11.3% in 2008. Table 2 shows the change in the caesarean section rate in urban areas since the 1993 survey and how that change related to household income, access to health insurance and the women's educational attainment and parity. The rate increased more than threefold between the 1993 and 2008 surveys (crude RR: 3.63, 95% confidence interval, CI: 2.61-5.04). Caesarean section was more common in well educated and wealthy women and in those with health insurance. However, adjusting for these three factors plus parity, maternal age, the number of antenatal visits and the year of the survey had little effect on the RR: the fully adjusted RR of caesarean section in the 2008 survey compared with that of 1993 was 3.07 (95% CI: 2.32-4.07). This suggests that the increase in urban areas cannot be explained by changes in education, income or health insurance. Although educational attainment remained a significant determinant of caesarean section in the adjusted analysis, income and health insurance did not. The caesarean section rate was much lower in women who had given birth previously than in those giving birth for the first time.
The picture was somewhat different in rural areas ( 
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.18 (95% CI: 4.82-10.69). This suggests that increasing income explained a large part of the rate rise in rural areas. However, the effect of the socioeconomic region on the rate remained substantial even after full adjustment for other variables (Table 3) . Table 4 shows the change in the caesarean section rate between the 1993 and 2008 surveys in urban and rural areas by household income, access to health insurance and women's educational attainment and parity. Fig. 2 illustrates the change in caesarean section rate between the 1993 and 2008 surveys in urban and rural areas by household income. The rate remained lower in rural than urban areas regardless of income. For example, in the 2008 survey, 27.4% of the richest women in rural areas gave birth by caesarean section compared with 37.7% of the poorest urban women. In urban areas, the rate increased over time at the same pace in all income quartiles (P-value for interaction: 0.2234), while in rural areas the rate of increase was much greater in the lowest than the highest quartile (P-value for interaction: 0.0026). Table 4 and Fig. 3 show that women with no health insurance experienced the most dramatic rise in caesarean section rate between the 1993 and 2008 surveys in both urban and rural areas (P-value for interaction: < 0.0001 for both). By 2008, the rate was above 50% for both insured and uninsured urban women. In rural areas, the rate in 2008 was high in women both with and without health insurance: 23.3% and 27.1%, respectively. Table 4 and Fig. 4 show that the effect of the mother's educational attainment on the change in the caesarean section rate between the 1993 and 2008 surveys was very similar to that of income. We pooled women with no or only primary school education in urban areas and women with secondary and college education in rural areas to increase the power of the statistical analysis. By 2008, caesarean section was very common in all educational groups in urban areas (range: 43.9-64.8%). In rural areas, the rate increased much more in women with no education than in those with secondary or higher education (P-value for interaction: 0.0034). However, the rate among rural women educated to secondary level or above was only 35.2%, lower than the 43.9% among urban women with no or only primary school education. Table 4 and Fig. 5 show that women with a parity of two or more experienced the fasted rise in caesarean section rate between the 1993 and 2008 surveys. The rate increased from 0.8% in 1993 to 16 .6% in 2008 in rural areas and from 5.9% to 36.4% in urban areas. The rise among women with a first pregnancy was also dramatic: in the 2008 survey, 28.2% of rural primiparous women and 57.1% of urban primiparous women reported giving birth by caesarean section.
Discussion
Our study confirms that the proportion of births by caesarean section in China rose dramatically between 1988 and 2008. Although the procedure was more common among wealthy and well educated women, the rate increased alarmingly in all socioeconomic groups, including the poor, the uneducated and the rural population. In urban areas in 2008, the rate was over 40% even in poorly educated women. Only the poorest rural women and those living in the most remote and socioeconomically deprived rural type-IV region still had rates below 15%.
Two findings in this study merit particular attention. First, our data suggest that the socioeconomic region of residence is a more important determinant of the caesarean section rate than the women's individual socioeconomic characteristics. For example, the rate was much higher in urban women with a low level of education than in similarly educated rural women. Moreover, in 2008, the rate was almost five times higher among women in the wealthiest rural type-I region than in the poorest rural type-IV region, irrespective of individual variations in household income, educational attainment or access to health insurance. Hence, supply side factors may be a more important determinant of caesarean section than ability to pay or educational level.
Second, the rise in the caesarean section rate in rural areas of China is only partly accounted for by changes in household income or access to health insurance and the rise in urban areas cannot be attributed to the substantial improvements in income and education over the last two decades. Moreover, the suggested link with health insurance funding 6, 10, 13, 14, 18 is called into question by the observation that the rate increased more rapidly among women without health insurance than among those with insurance in both urban and rural areas. This finding is surprising since other researchers have proposed that the increased use of caesarean section was partly driven by the heavy dependence of hospitals on fee-for-service financing and associated profit-related bonus payments for service providers. 8, 10, 13, 14, 24 In this context, one would expect higher revenue from high-income households 8, 9, 14, 24 and insurance payments 13, 14, 18 to explain a large part of the increase.
Studies from across the world have shown that the caesarean section rate may be influenced by factors other than the ability to pay, including fear of litigation, convenience, perceived safety, fear of substandard care and the opportunity for sterilization.
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China's urban caesarean section rate was already high 20 years ago 8, 18 and the increasing trend may have been set long before the introduction of financial reforms in the health sector. The introduction of the one-child policy in 1979 may have contributed indirectly to the rise because the medical risk is lower when there are fewer repeat caesarean sections and parents who expect to have only one child may opt for what is perceived to be the safest delivery option. This is reflected in the higher rates we observed among primiparous women. The Chinese Government's emphasis on deliveries attended by doctors rather than midwives may also have contributed. In its modernization, China has marginalized midwifery 28 and the density of nurses and midwives is lower than expected for the country's income level. 29 Midwifery education was discontinued in 1993 and the number of doctors trained in western medicine doubled in the last two decades. 28, 30 Hospitals in urban and wealthier regions are better equipped and have more qualified staff than those in more remote rural regions, making caesarean section more accessible. However, the recent focus on strengthening the medical capacity of more remote township hospitals, including assigning obstetrical experts from provincial tertiary hospitals, has also driven up the use of caesarean section in these hospitals. 9, 21 As has been shown in Brazil, once a certain threshold has been reached, caesarean section is increasingly regarded as harmless and effective by both doctors and women. Moreover, poor women, inspired by trends among the rich, increasingly demand caesarean section. 4 Whether Chinese women request caesarean section or are persuaded by their doctors to accept the procedure is not known. Hospital records indicate that a high proportion of caesarean sections are performed for no specific clinical indication, [15] [16] [17] 24 for social reasons [15] [16] [17] or on the women's request, 10, 12 but these records need to be interpreted with caution since the power imbalance during labour and delivery favours decisionmaking by physicians. 26, 31 The data and analytical approach used in this study merit careful scrutiny. Interviews were performed by trained health personnel and bias in self-reported caesarean section is likely to be minimal. 32 In contrast, births may have been underreported, particularly when the pregnancy was not approved by the family planning system or occurred among rural migrants temporarily away from home. Since rural migrants may be less likely to use formal health services, we may have overestimated the proportion of births by caesarean section. Our findings accord with those obtained using different sampling methods however. [10] [11] [12] 18, 33 We categorized income levels in rural and urban areas separately because similar levels of income represent different levels of purchasing power in the two areas. Since the richest rural households had a lower income than the poorest urban households, ignoring the difference between urban and rural areas would have categorized both groups as poor. Income was adjusted to 2008 values because inflation has been substantial in China over the past 20 years. 34 Rural health insurance schemes are decentralized in China 13 and our definition of health insurance may not have captured the variation in the content or coverage of the different schemes, particularly after 2003 when the New Cooperative Medical System was introduced. 13 Since any misclassification of health insurance is unlikely to be related to the caesarean section rate, we may have underestimated the strength of the association between health insurance and caesarean section. Lastly, we used a Poisson regression approach with robust standard errors to compute RRs when comparing the various groups. This approach is recommended in preference to logistic regression when the outcome is common as odds ratios tend to overestimate the relative risk in this situation. 22, 23 Most previous studies in China and elsewhere have focused on individual determinants of the caesarean section rate at one point in time and have seldom taken into account geographical variation beyond rural-urban disparities. 2, 5, 6, 14, 18 Our analysis of the factors responsible for the increasing use of the procedure over time suggests that changes in single variables, such as access to health insurance or increasing wealth, do not explain the rising rate. The strong regional variation in the caesarean section rate we observed, which was independent of socioeconomic changes, points to structural factors related to the supply of services as an important driver of the increase. As hospital delivery becomes nearly universal, 35 women may share knowledge about the risks and benefits of caesarean section and a societal consensus may be reached that the procedure is safe and benefits both mother and child. Very little is known about the actual or perceived safety of caesarean section in China, 7, 36 Conclusión La gran variación en la tasa de cesárea por región socioeconómica, independientemente de los ingresos individuales, del seguro sanitario o de la educación, sugiere que los factores estructurales relacionados con el suministro de servicios han influido más en el aumento de dicha tasa que la solvencia de las mujeres.
